family GTPases, these molecules could be considered families of axon guidance cues including Netrins, Semacandidate effectors for axon guidance. However, the phorins, Slits, and Ephrins are known to act in the develphenotypes resulting from mutations in these genes do oping nervous system, but the signaling pathways linknot correspond to the phenotypes of specific guidance ing these receptors to the cytoskeleton are not fully receptors in an obvious way. It is thus unclear how understood. different guidance receptors utilize these cytoplasmic The conserved UNC-6/Netrin family of secreted promolecules to achieve specific axon pathfinding events. teins attract axons, promote axon outgrowth, and repel 7::unc-115 or mec-7::ced-10 transgenes in unc-115 or ced-10 mutants, respectively. The partial suppression of mec-7::myr::unc-40 in an unc-115 mutant background was eliminated in animals expressing mec-7::unc-115. mec-7::unc-115 did not cause significant AVM defects on its own ( Figure 4A) . Similarly, the partial suppression of mec-7::myr::unc-40 in a ced-10 mutant background was eliminated in animals expressing mec-7::ced-10. mec-7::ced-10 caused only a mild AVM defect on its own ( Figure 4A ). These results suggest that the requirement of unc-34, unc-115, and ced-10 for the suppression of the excess outgrowth caused by myr::unc-40 in AVM is cell autonomous.
. Thus, the MYR::UNC-40 excess outgrowth phenotype is obof UNC-5/UNC5H interacts with UNC-6/Netrin, a complex of UNC-5 and MYR::UNC-40 could sense an UNC-6 served in several cell types, including both Netrinresponsive and Netrin-nonresponsive neurons. gradient and transduce the appropriate repulsive signal to the cytoplasm (Hong et al., 1999). We used the uncTo assess its ability to carry out any native UNC-40 functions, we examined the ability of MYR::UNC-40 to 25 promoter (Jin et al., 1999) to target myr::unc-40 to the VD and DD motoneurons. These neurons have ventrally mediate repulsion from UNC-6. UNC-5/UNC5H represents a family of UNC-6/Netrin receptors whose cytolocated cell bodies and extend axons dorsally, away from the ventral source of UNC-6. The dorsal guidance plasmic domains interact with UNC-40/DCC, converting UNC-6/Netrin attraction into repulsion (Leung-Hagesof these axons is dependent on unc-6, unc-5, and unc- it utilizes unc-40 cell autonomously during its normal ventral guidance (Chan et al., 1996) . We first considered the possibility that MYR::UNC-40 acts by interacting with other guidance receptors, potentially via heterodimerization. As described above, unc-40 mutants failed to suppress myr::unc-40 ( Figure  3A ), suggesting that MYR::UNC-40 does not require an intact UNC-40 receptor. We next examined animals mutant for sax-3/Robo, the C. elegans receptor for Slit (SLT-1) (Zallen et al., 1998) Figure 3C) . tion in the same cell as MYR::UNC-40. All of these genes affect many neurons, and GFP fusions to the promoters mec-7::myr::unc-40 is expressed in three types of 7::unc-115 or mec-7::ced-10 transgenes in unc-115 or ced-10 mutants, respectively. The partial suppression of mec-7::myr::unc-40 in an unc-115 mutant background was eliminated in animals expressing mec-7::unc-115. mec-7::unc-115 did not cause significant AVM defects on its own ( Figure 4A) . Similarly, the partial suppression of mec-7::myr::unc-40 in a ced-10 mutant background was eliminated in animals expressing mec-7::ced-10. mec-7::ced-10 caused only a mild AVM defect on its own ( Figure 4A ). These results suggest that the requirement of unc-34, unc-115, and ced-10 for the suppression of the excess outgrowth caused by myr::unc-40 in AVM is cell autonomous.
ced-10 and unc-115 Function Together for myr::unc-40 Suppression The finding that unc-34, ced-10, and unc-115 all function to suppress the myr::unc-40 phenotype raised the question whether they all function in the same signaling pathway or in parallel pathways. For two gene products acting in the same pathway, removing both genes should cause a phenotype similar to that of the strongest single null mutant; for products acting in parallel pathways, additive or synergistic effects might be observed when both genes are removed. We therefore examined the Table 1 Thus, in AVM unc-34 acts with sax-3/Robo, but the question remains whether unc-34 also functions in the endogenous unc-40 pathway, as suggested by the ability of unc-34 to suppress the MYR::UNC-40 phenotype. To address this possibility, we first eliminated SAX-3/ Robo signaling by removing the SAX-3 ligand SLT-1. As previously described, in slt-1 or unc-6 mutants alone, the penetrance of the AVM guidance defects is about 40%; however, removing unc-6 in a slt-1 mutant background increases the penetrance of the defects to about 90% ( Figure 5B ), reflecting the fact that UNC-6 attraction and SLT-1 repulsion account for virtually all of AVM ventral guidance ( Figure 1B; Hao et al., 2001 ). Thus, a test for the involvement of a gene's product in mediating UNC-6 attraction via UNC-40 is to ask whether removing the gene will enhance the slt-1 mutant phenotype. Removing either ced-10, unc-115, or unc-34 singly, or both ced-10 and unc-115 together, did not significantly enhance the slt-1 phenotype ( Figure 5B ). However, when tants, and is significantly enhanced in the unc-6 slt-1 We next asked whether UNC-34 functions in a pathdouble mutant ( Figure 5C ). As was seen in AVM, removway parallel to CED-10 and UNC-115 and mediates the ing any one of ced-10, unc-115, or unc-34 failed to significantly enhance the slt-1 phenotype, whereas removing remainder of the UNC-40 signal. unc-34(gm104) null mu- MYR::UNC-40 is capable of inducing axon outgrowth, 1996; Laurent et al., 1999). However, this view was reversed when enrichment of Mena at the leading edge misguidance, branching, and cell body deformation. All of these phenotypes can be suppressed by unc-34, cedof fibroblasts was found to decrease motility, while depletion of Mena from the leading edge enhanced mo-10, and unc-115 or by deletions in the P1 and P2 motifs. These results suggest that distinct effects on cell mortility (Bear et al., 2000) . These observations led to the idea that Ena proteins negatively affect outgrowth. This phology can be induced by the same signaling pathways, consistent with the observation that Netrin can idea was reinforced when in Drosophila and C. elegans, UNC-34/Enabled was found to interact physically and signal through DCC to regulate cell migration, axon outgrowth, axon attraction, and axon repulsion.
genetically with the SAX-3/Robo guidance receptor to 
